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INTRODUCTION: 


% 


The objective of this program is to determine the effects of 
prolonged space environment on a variety of spacecraft materials 
and where possible T compare these results with predicted 
behavior „ 


II. TECHNICAL PROPERTIES SUMMARY 

Task I - Physical Properties Testing 

Ten materials have been evaluatee Cor electrical and mechanical 
properties following long term vacuum exposure. 

This work was performed under subtask 1.1 in the schedule included 
in this report. Physical properties tests under subtask L.l have 
been completed on all available materials. 

The materials tested during this reporting period are listed in 
Table 1, 

Data obtained from these materials is presented in tabular form at 
the end of this report. Adhesion characteristics were evaluated 
for poly- the riualeze and therm- amid insulation. No adhesion defects 
were detected after any of the exposures. 


TABLE 1 


MATERIALS EVALUATED CLASSIFICATION AND TESTS 


MATERIAL 

CLA^^'V ON 

TESTS 

Poly- the rmaieze 
insuiat ion 

Magnet wire insulation 

Adhesion and dielectric 
strength 

The mi" ami d ins uia t io n 

Magnet wire insulation 

Adhesion and dielectric 
strength 

Adlock 851 

Phenolic laminate 

Flexure and tensile 
properties 

Vespol SP-1 

Poivlmidi? 

Hardness 

Oho- seal 

Conductive elastomer 

Volume Resistivity 

Loxan 

Poly carbonate 

Tensile Properties 

Polyc the ' ene 

P o lye the lone 

Tensile Properties 

Po l.yure thane 

Polyurethane 

Tensile Properties 

Luci te 

Acrylic 

Tensile Properties 

Xy Lon 

Polyamide 

1 e ns i l o rope r ties 
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The first radiation-calibrated canister for sub task 1.2 was rec- 
eived by Martin Marietta from MSFC in late September and will not 
be loaded with specimens until mid-October dur to MMU work which 
pre-empted this task. Slippage of this task is indicated in the 
schedule included with this report. 

The fixture fabrication for sub task 1.3 is completed and the unit 
has passed the helium leak test. The manipulator adaptor for the 
MSFC vacuum chamber is shown in figures 1 and 2, The front portion 
of the adaptor to be welded to the MSFC vacuum tank was shipped 
to MSFC at the end of September. 

The electric impact wrench modification is nearing completion. 

This wrench is for loosening the vacuum chamber flange bolts 
with the manipulator arm. 

Task II - Perform TCA/KGA 


The thermal gravimetric analysis (TGA) avid residual gas analysis 
(RGA) are being rescheduled for completion in mid-October. 
Comparison of pre and post exposure TGA/ RCA data is continuing. 

Work Planned : 

1. Load cansiter for irradiation exposures. 

2. Compare pre and post exposure TGA/ RGA data. 

3. Complete impact wrench modification 

A ♦ begin to correlate isothermal weight loss with mechanical 
property changes. 



Table 2 


Mi 


Poly therma ,lese Insulated Wire (Belden Corp.) 


Dielectric Strength, KV Samples 


Exposure 

AWG 

Ave rage 

Hish 

Low 

Tested 

Baseline 

20 

9,5 

11.2 

S.l 

3 


30 

S.S 

11.0 

7.0 

3 

Heat Compatibility (1) 

20 

10.1 

tl.5 

9.4 

3 


30 

7.7 

9.0 

6.6 

3 

Heat Compatibility (L) plus 

20 

8.7 

11.7 

7. L 

3 

30 day Thermal Vacuum (2) 

30 

6.8 

7.2 

6.5 

3 

Heat Compatibility (1) plus 

20 

14.3 

Lb. 5 

12.0 

3 

100 month Thermal Vacuum (2) 

30 

S. 7 

9.5 

S.O 

3 


Therm*- Ami d 
Exposure 

Insulated Wire (Ken Magnet Wire Co.) 

Dielectric Strength, KV 
AWG Average High Low 

Samples 

Tested 

Baseline 

20 

12.7 

14.5 

11. 0 

3 


30 

S.O 

9.5 

7.0 

3 

Heat Compatibility (1) 

20 

8.5 

9.0 

S.O 

3 


30 

S. 7 

9.8 

S. 1 

3 

Heat Computability (1) plus 

20 

7.5 

7.5 

7.4 

3 

30 day Thermal Vacuum (2) 

30 

b.5 

6.5 

6 . 4 

i 

iloat Compatibility ( 1 ) plus 

20 

11.3 

11.5 

11.0 

3 

100 month Thermal Vacuum (2) 

30 

10. 8 

11.5 

10.0 

3 

U) Hoar compatibility -*570 

hours at i! 

!75°F (40S U K) 

in atmosphere 



(2) Tested at 10 -* Tori: after exposure for the specified length of time 
at 150°F (33S°K) and 10“ h Tori’ 
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Ad~ock 851 

Tensile Strength and Modulus (A5TM 1)638-68)* 





Average 

High 

Low 

Samples 

Property (Ij 

Exposure 


MPA KSI 

MPa Ksi 

MPa Ksi 

Tested 

Ultimate Strength 

Baseline 


184 26.7 

192 27.9 

177 25.6 

5 

Ultimate Strength 

Heat Compatibility 

(2) 

208 30.1 

244 35.4 

174 25.2 

5 

Ultimate Strength 

Heat Compatibility 
plus 102 month 
Thermal Vacuum (3) 

(2) 

234 34.0 

267 38.7 

1.89 27.4 

5 

bias t i c; Modulus 

Baseline 


18300 2660 

22100 3200 

15900 2300 

5 

FI as tic Modulus 

Heat Compatibility 

(2) 

17700 2570 

21000 3040 

15700 2280 

5 

Elastic Modulus 

Heat Compatibility 

(2) 

18600 2700 

19300 2800 

179QO 2600 

5 


plus 102 month 
Thermal Vacuum (3) 


*iype r specimen tested at a crosshead rate of t.3 mm/minuce (.05 in/rainute) 

(\) Cured at. 250°F (394 K) plus 1 hour at 300°F (422°K) plus h hour at 350°? (449°^) 

plus 4 hours at 50Q°F (553°K) 

(2) Heat compatibility - 5/0 hours at 275°f (403°K) in ^2 atmosphere 

(3) Thermal Vacuum - Tested at 1x10*° Tori after heat compatibility (2) and an initial exposure 

of 10 to 16 hours at 140°F (333°^) to J60°F (344°K) followed by an exposure at 120°F + 10°F 
( 322°K + 6 tJ K) for the time specified at a pressure of 1x10 ^ Torr or less* 



Table 4 


cr 

Vespel SP-1 

Hardness { ASTM D7S5 and D2240) 

Average Hi eh Low 


Exposure 

Rockwell 

M 

Shore 

0* 

Rockwell 

:! 

Snore 

D J : 

Kuckwell 

j; 

Snore 

D* 

Samples 

Tested 

baseline 

88.2 

86 

89.0 

86 

87.0 

85 

5 

Heat Compatibility (1; 

90.0 

86 

92.0 

86 

89.0 

86 

5 

‘‘ested in air after heat 
compatibility fl) plus 
30 day thermal, vacuum 

89.6 


91.0 


87.0 


5 

Tested at 1 a 10 Torr after 
heat compatibility fl) plus 
30 day thermal vacuum (2) 


85 


86 


85 

5 


Tested at in air after heat 
compatibility (1) plus 102 
day thermal vacuum 

Tested at 1x10 Torr 
after haet compatibility (1) 
plus 102 montii Thermal 
Vacuum 


*Shure U Hardness was run as a comparison since Rockwell Tester could not be used in In-Situ. 
Thermal vacuum test specimens were tested for Rockwell Hardness in air after Shore D 
test In vacuum. 

()) Heat compatibility - 570 hours at 275°F (408°K) in 11 ^ atmosphere. 

( 2 ) Exposed for the specified length of time to 150°F (33B°K) and 1x10 ^ Torr. 




TABLE 6 


material; nylon 

TENSILE STRENGTH AND MODULUS 


PROPERTY 

EXPOSURE^ 1 -* 

AVERAGE 

HIGH 

LOU 


SAMPLES 




MPa 

KSI 

MPa 

KSI 

MPa 

KSI 

TESTED 

ULTIMATE 

STRENGTH 

BASELINE 

59 , 34 

8.6 





4 

ULTIMATE 

STRENGTH 

3 MONTHS 

70.52 

10.22 

75 

10.87 

67.9 

9.84 

4 

ULTIMATE 

STRENGTH 

6 MONTHS 

61.41 

8.9 

Cri 

n 

ro 

9.51 

57.8 

8.38 

4 

ULTIMATE 

STRENGTH 

96 MONTHS 

84.59 

12.26 

93.36 

13.53 

79.28 

11.29 

4 

ELASTIC MODULUS 

BASELINE 

12 . 42x10"* 

1.8xl0 5 





4 

ELASTIC 1 

MODULUS 

96 MONTHS 

1 3 ;< 1 0 5 

1.9x10 5 

15.2xl0 5 

2.2xlD 5 

lO.AxIO 5 

1.5xI0 5 



NOTES : 1 KSI = 6. 9 MPa 

(I.) THERMAL VACUUM - TESTED AT 10" 5 TORR 
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MATERIAL! POLYETHELENE 
TENSILE STRENGTH AH!) MODULUS 


PROPERTY 

l--X! a iJSIIHK C 1 1 

AVI’ 

:HAOB 



MPa 

KSF 

Mi l IMAIT STRENGTH 

ISAHBJ.INB 

LA . 5 

2, 10 

ULTIMATE STRENGTH 

'1 MONTHS 

19.87 

2.88 

ULTIMATE STRENGTH 

6 MONTHS 

10.07 

1 .46 

ULTIMATE STRENGTH 

96 MONTHS 

10.49 

1.52 

ELASTIC MODULUS 

BASELINE 



ELASTIC MODULUS 

96 MONTHS 

46zI0 3 

6.7x10 


NOTES: (1) THERMAL VACUUM - TESTED AT 10~ 5 TORR 


MPa 

HI ON 

KSI 

l.nu 

MPa KSI 

FABLES 

TESTED 




4 

20.01 

2.90 

19. 8 2.87 

4 

10.21 

1.48 

10.0 1.45 

4 

13.59 

1.97 

8.69 1.26 

4 




4 

53x LO 3 

7 . 7xl0 3 

38.6xl0 3 5.6xl0 3 

4 
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HAT RR I M S l'O LY URETHAN li 
TENSILE STRENGTH AMI) MODULUS 


I'WU'LHI Y 

hxi’i>simi-: f 1 J 

AVKKAOK 
MPa KS I 

nm\ 

Ml Vi KSI 

i.ou 

MPa 

KSI 

SABLES 

TESTED 

Ul.l 1 MATE STRENGTH 

BASELINE 

59.9 

8. 1 





4 

IIET 1 MAT E STRENGTH 

3 MONTHS 

21.87 

3.17 

28.29 

A. 10 

6.42 

0.93 

4 

ULTIMATE STRENGTH 

6 MONTHS 

6.69 

0.97 

6.76 

0.98 

6.42 

0.93 

4 

IU.TI HATE STRENGTH 

96 MONTHS 

56.1 

8. 13 

59. A 

8.A7 

54.3 

7.87 

4 

ELASTIC MODULUS 

BASELINE 







4 

ELASTIC MODULUS 

96 MONTHS 

H .7xl0 3 

K 7x10 3 

13. IzlO 3 

1 .9xl0 3 

7.6xl0 3 1 

. I xlQ 3 

4 


MOTES: ( | ) THERMAL VACUUM - TESTED AT 10 5 TORR 
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MATERIAL; INCITE 
TKiisiu-: utklnotu Ann modulus 


IMUH'EKTY 

KXIMISUKl/ 1 ) 

AVKKAOE 

moil 

LOW 


SABLES 




MPa 

KSi 

Mi 1 a 

KSI 

MPa 

KSI 

TESTED 

IU/I fNATi: 

STKIiNGTII 

BASEL INI' 

00 

w 

12.94 





4 

IIJ.T 1 MATE 

STKIINGTII 

3 MONTHS 

69.55 

10.08 

S3 * 84 

<2.15 

48,65 

7.05 

4 

ULTIMATE 

STRENGTH 

6 MONTHS 

9!. 56 

11.27 

97.08 

14.07 

82.94 

12.02 

4 

ULTIMATE 

STRENGTH 

96 MONTHS 

81.70 

11.84 

85.7 

12.42 

74.24 

10.76 

4 

KI.ASTI C MODULUS 

BASELINE 

ll.7xl0 5 

1 .7x10 ^ 





4 

ELASTIC 

MODULUS 

96 MONTHS 

L5.9xl0 5 

2.3xlO S 

17.3x.10 5 

2.5xl0 5 

14.5xl0 5 2 

. lxlO 5 

4 


NOTES: (1) THERMAL VACUUM - TESTED AT 10 5 TORS 
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MATER I A I; LEXAN 

TWIKII.lv KTREIJI.TII AN I) MniHU.llS 


I’ROI'ERTY 

EXI’OSUlu/ 1 ’ 

AVEKACE 
Ml';i KSI 

infill 

MPa 

KSI 

r,nw 

MPa 

KSI 

SABLES 

TESTED 

lll.l I MATE ST KWH Till 

II AS Kl. INI' 

66.7 

9.67 





4 

ULTIMATE STRENGTH 

'J MONTHS 

50.5 

7.32 

57.5 

8.33 

44.7 

6.48 

4 

ULTIMATE STRENGTH 

6 MONTHS 

50.9 

7.37 

51.8 

7,51 

49.4 

7, 36 

4 

ULTIMATE STRENGTH 

96 MONTHS 

49.0 

7. 10 

50,2 

7,28 

48,6 

7.04 

4 

ELASTIC MODULUS 

baseline 

SxlCJ 5 

1 ,2*I0 5 





4 

ELASTIC MODULUS 

96 MONTHS 

,\2xi0 5 

J .04xl0 5 

7.6yJ0 5 1 

.Ixio 5 

6.6xl0 5 . 

96x10"* 

4 


MOTHS: T I j THERMAL VACUUM - TESTED AT J D~ 5 TCJRR 













